There are several mechanisms by which icebergs could be thought to improve the growth environment, but also several potential negative impacts. Furthermore, a particular physical process associated with an iceberg may have varying impacts, depending on the oceanic 3 and ecological 4 conditions through which it is passing. 
2 <p-ni> Anecdotal evidence has, for many years, suggested a link between the presence or passage of icebergs and enhanced phytoplankton growth in the Southern Ocean 1,2 .
There are several mechanisms by which icebergs could be thought to improve the growth environment, but also several potential negative impacts. Furthermore, a particular physical process associated with an iceberg may have varying impacts, depending on the oceanic 3 and ecological 4 conditions through which it is passing. . Near the coast, this may be sufficient for the berg to be grounded, potentially disturbing circulation patterns, sea-ice formation and consequently the entire ecosystem 6 . The case of grounded icebergs is not further discussed in this paper. Once an iceberg is adrift, the keel causes turbulent mixing, potentially enabling transfer of salinity, thermal energy, nutrients and phytoplankton cells across the pycnocline (the base of the mixed layer). and at all times in the high-nutrient/low-chlorophyll (HNLC) regions 8, 9 . An initially high concentration of phytoplankton cells near the ocean surface could also be mixed through the water column by the passing iceberg. For monitoring of surface chlorophyll using satellite-borne detectors, this would result in a decrease in the concentration detected. Whether cells are actually lost from the mixed layer would depend on the iceberg keel depth, which determines the degree of turbulent mixing relative to the mixed layer depth.
Melting.
The presence of slightly reduced salinities surrounding icebergs has been reported for icebergs close to the Antarctic Peninsula 10 . Oceanic water layers are ordered according to density gradients, which are determined by both temperature and salinity. The net effect of melt water on the water column structure depends on the volume of water melting, the strength of wind-mixing and on the ambient temperature and salinity structure: Unless the ambient temperature is close to freezing, the melt water will have a negative temperature-component of buoyancy, while the salinity-component will be positive, since fresh water is less dense than saline water. A positive increase in density gradient caused by the input of freshwater must then withstand the physical mixing effect of the wind, or the new stratification will be destroyed. The melt water lens alleviates light limitation for cells trapped within it by suppressing vertical mixing 11, 12 .
In contrast, input of melt water at depth is likely to result in upwelling of water from below the thermocline, bringing nutrients into the surface mixed layer 13 While several theoretical studies have examined the fluid dynamics of iceberg melting and turbulence 13, 18 , none has yet sought to prove or disprove the hypothesis that drifting icebergs consistently have a marked impact on the food chain. The problems of modelling physical, chemical and biological processes in detail around an iceberg are many and various: the iceberg topography must be accurately simulated and melting, erosion and turbulence realistically implemented at high spatial resolution. Data to initiate such a model are scarce, and sufficient data to validate it are not known to exist.
In the field, only one oceanographic survey has yet dedicated sufficient time and resources to address these problems: over a period of three weeks, two icebergs off the Antarctic Peninsula could be observed in great detail and were found to support considerable populations of phyto-and zooplankton 10 . Many more ship hours would be 5 required to gather a statistically significant sampling of icebergs in all the conditions encountered in the Southern Ocean. An alternative means to modelling or in situ sampling is offered by satellite remote-sensing: If iceberg positions are accurately recorded, then records of surface chlorophyll concentration derived from satellite data can be consulted to determine whether the concentration before an iceberg transits a given location was higher or lower than the concentration afterwards 19 . This study pursues such an approach to test the null hypothesis that:
<fd>'An iceberg has no significant impact on the ambient chlorophyll dynamics'
To achieve this, a dataset of daily, automatically transmitted locations of tagged icebergs 20 , was combined with the satellite-derived surface chlorophyll concentration record (henceforth 'chlorophyll'). Mean chlorophyll concentrations in a 6-day period prior to a tagged iceberg reaching each of its known locations were subtracted from those in a 6-day period after the iceberg transit, yielding the change in surface chlorophyll associated with the known passage of an iceberg, Δchl [iceberg] . Figure 2 demonstrates the methodological concept, together with some of it's drawbacks. It is evident from the true-colour composites in the second and third columns of Figure 2 that many more icebergs are present, at least within the first 5º of latitude adjacent to the Antarctic coast, than are, or realistically can be, tracked. These represent a potential influence on chlorophyll concentrations which can not be corrected for directly.
Additional unknown factors include mixing, advection and the ambient phytoplankton growth dynamics. To address this, a dataset was generated in a similar fashion to the reducing the chances of finding valid chlorophyll data at a track-location both before and after iceberg transit.
<sec1ttl> Findings
Satellite-derived chlorophyll concentrations within 6 days both before and after transit of the iceberg across a given location were found in 215 instances, involving 24 of the 77 tracked icebergs. Details are given in supplementary materials Table S1 . The background data set of locations along known iceberg paths at times when no iceberg was present comprised 685710 data points. As a Jarque-Bera test 21 showed that both the background and matchup datasets were not normally distributed (α = 0.01, p < 0.01, N = 685710 and 215 for the background and matchup datasets, respectively), nonparametric tests were used for further comparison.
Trends in ∆chl are shown in 30 |∆chl| data points were extremely small, while a further 5 data points were too large to be realistic. To focus strictly on realistic and significant values, |∆chl| values 7 outside the range of 0.02 to 5 mgm -3 were excluded from further analysis. Using this restriction, the ratio of positive to negative changes in chlorophyll was 1.16 for the background case compared to 2.38 for known iceberg transit. That is, the presence of an iceberg raised the chances of observing an increase in chlorophyll by a factor of > 2 above natural chlorophyll dynamics.
The median values of chlorophyll prior to a known (absent) iceberg transit, <meth1> The Δchl datasets were tested for normality using the Jarque-Bera test 21 .
Since neither of the datasets, nor any subsets thereof, were normally distributed, the Figure 3 ). Kruskal-Wallis testing was also used to determine whether the impact of iceberg passage on surface chlorophyll was affected by initial chlorophyll concentration. 
